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Abstract
I use Unified Spinor Fields (USF), to discuss the creation of magnetic monopoles during preinflation, as
excitations of the quantum vacuum coming from a condensate of massive charged vector bosons. For a
primordial universe with total energyMp, and for magnetic monopoles created with a total Planck magnetic
charge qM = qP = ±e/
√
α and a total mass mM , it is obtained after quantisation of the action that the
fine-structure constant is given by: α = 5
6
(
1− 16mM
5Mp
) (
e
qM
)2
. If these magnetic monopoles were with
total magnetic charge ±e and a small mass m = mM/nM , there would be a large number of small quantum
magnetic monopoles which could be candidates to explain the presence of dark matter with a 30% of the
energy in the primordial universe at the Planck era.
∗ Corresponding author: mbellini@mdp.edu.ar
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I. INTRODUCTION AND MOTIVATION
Dirac’s quantisation[1, 2] is consistent with the existence of magnetic monopoles, where the mag-
netic charge is related to the electric charge. The discovery for signatures of primordial monopoles,
especially superheavy ones, would have consequences for particle physics and cosmology. There
are topologically stable magnetic monopoles[3, 4], which are related to quantum of Dirac magnetic
charge. This kind of magnetic monopoles are predicted by all the standard grand unified theories
(GUT). There are theoretical arguments which suggest that these monopoles are not expected to
be present in the galaxy. On the other hand, the implementation inflationary scenarios[5, 6, 8] in
GUTS leads to the conclusion that these monopoles[7, 9, 10] are inflated away and the reheating
temperature at the end of inflation is close to 1010 GeV, which is very low to produce super-
heavy monopoles during the thermalisation process. However, the possibility that these monopoles
were created without thermalisation deserves be considered[11], because describes an alternative
explanation for the magnetic monopoles creation from extra dimensions.
In this work we shall study the origin of magnetic monopoles as quantum excitations of the
vacuum of very massive and charged spin 1-bosons, which are topologically stable because the
existence of structure coefficients originated by the quantum algebra that comply these bosons. To
study this issue we shall use the Unified Spinor Fields (USF) theory, which was introduced in some
recent works[12–14]. Because we are interested in the study of this phenomena at the beginning
of the universe we shall consider the preinflationary scenario[15–17]. This scenario describes the
origin of the universe when it has not yet thermalise, using a global topological phase transition
from a 4D Euclidean manifold to an asymptotic 4D hyperbolic one. The interesting of this idea
is that τ is a space-like coordinate before the big bang, so that can be considered as a reversal
variable. However, after the phase transition it changes its signature and then can be considered
as a causal variable. The work is organized in the following manner: in Sect.II we describe the
preinflationary model by making emphasis in the classical background dynamics. In Sect. III, se
revise the boundary conditions, when it is varied the Einstein-Hilbert action, we describe the Ricci
flow, we revise the covariant derivatives on the extended manifold, which describes an ”elastic”
geometry in which there is nonzero non-metricity. Furthermore, we introduce the quantum space-
time and the line elements used in the theory (one for the space-time coordinated and the another
for the inner space-time). In Sect. IV we introduce the action that describe the excitations of
very massive and charged vectorial bosons the originates the magnetic monopoles, we calculate
the expectation value for the action and we estimate the total mass of these monopoles at the
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beginning of the universe. Also, we provides the dynamical equation that describes these boson
fields during the preinflationary expansion of the universe. Finally, in Sect. V we develop some
final remarks and conclusions.
II. PREINFLATIONARY DYNAMICS
A theoretical possibility suggested recently is that during preinflation the universe begun to
expand through a (global) topological phase transition[16]. In this model was proposed a model to
describe the birth of the universe using a complex time: τ(t) =
∫
eiθ(t)dt, where the transition from
a preinflationary to an inflationary expansion was described by using a dynamical rotation of the
complex time, τ(t), on the complex plane, being the spacetime described by a complex manifold.
Furthermore was defined the dynamical variable θ: π/2 ≥ θ(t) > 0, which is related with the
expansion of the universe
θ(t) =
π
2
e−H0t. (1)
The line element introduced in[17] to describe preinflation, is
dx2 =
(πa0
2
)2 1
θ2
[
dθ2 − δijdxidxj
]
, (2)
where θ0 =
π
2 . During the phase transition, the universe initially is described by a Euclidean
metric, but later evolves to a globally asymptotic hyperbolic space time: θ→0. The Lagrangian
density for the scalar field:
Lϕ = −
[
1
2
gαβϕ,αϕ,β − V (ϕ)
]
.
The stress tensor related to Lϕ, is
Tµν = −
[
ϕ,µϕ,ν − gµν
(
1
2
gαβϕ,αϕ,β − V (ϕ)
)]
, (3)
We are dealing with a spatially isotropic and homogeneous background metric (2), and therefore
the scalar field only depends on time, and complies with the dynamics
ϕ′′ + 2H(θ)ϕ′ + δV (ϕ)
δϕ
= 0, (4)
where the prime denotes the derivative with respect to θ and H = a′/a = −1/θ is the conformal
Hubble parameter, for a conformal scale factor
a(θ) =
(πa0
2
) 1
θ
, (5)
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that increases during the phase transition because θ is an angle that goes from θ0 =
π
2 , to θ → 0.
The nonzero components of the Einstein tensor, are
G00 = − 3
θ2
, Gij =
3
θ2
δij, (6)
with energy density ρ and the pressure P
ρ(θ) =
1
πG
3
(πa0)2
, P (θ) = − 1
πG
3
(πa0)2
, (7)
such that the equation of state is
P
ρ
= −1. (8)
Therefore, the universe suffered a vacuum expansion during preinflation with scale factor a(t) =
a0 e
H0t, a constant Hubble parameter H0 =
a˙
a
= H0 =
2
√
2
π a0
and a potential V (ϕ) = 38πGH
2
0 , related
to a scalar field ϕ. Since δV
δϕ
= 0, therefore the background field background equation (4), result
to be
ϕ′′ − 2
θ
ϕ′ = 0, (9)
which has the solution
ϕ(θ) = ϕ0. (10)
This solution describes the background solution of the background field that drives a phase tran-
sition of the global geometry from a 4D Euclidean space to a 4D hyperbolic space time. We shall
suppose that at the beginning the universe has a size given by the Planck length: a0 = Lp, and
the total energy in the universe is given by the Planck mass Mp (we shall consider that c = 1).
III. BOUNDARY CONDITIONS IN THE MINIMUM PRINCIPLE ACTION WITH A
RICCI FLOW: CONNECTIONS, COVARIANT DERIVATIVES
We consider the Einstein-Hilbert (EH) action for an arbitrary matter lagrangian density Lϕ
I =
∫
d4x
√−g
[
R
2κ
+ Lϕ
]
, (11)
after variation, this expression is given by
δI =
∫
d4x
√−g
[
δgαβ (Gαβ + κTαβ) + g
αβδRαβ
]
, (12)
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where κ = 8πG, Tαβ is the background stress tensor
Tαβ = 2
δLϕ
δgαβ
− gαβLϕ, (13)
and Lϕ is the Lagrangian density (II), that describes the background physical dynamics. The
last term in (12) is very important because takes into account boundary conditions. When that
quantity is zero, we obtain the well known Einstein’s equations without cosmological constant λ.
In the general case, the classical Einstein equations, with boundary conditions included, results to
be
G¯αβ = −κTαβ , (14)
with G¯αβ = Gαβ − λ gαβ . Here, Gαβ = Rαβ − 12 Rgαβ is the background Einstein tensor, where
Rαβ is the background Ricci tensor, R = g
αβRαβ is the background scalar curvature, gαβ is the
symmetric background metric tensor, and G is the gravitational constant. We shall require that
gαβδRαβ − δΘ = [δWα]||α − (gαǫ)||ǫ δΓβαβ +
(
gαβ
)
||ǫ
δΓǫαβ = 0, (15)
such that δWα = δΓαβνg
βν − δΓǫβǫgβα and δΘ is the flux that cross the 3D-closed hypersurface due
to the boundary terms included when we variate the action.
Additionally, we shall use a recently introduced extended manifold[14] to describe quantum
geometric spinor fields Ψˆα, where the connections are
Γˆαβν =


α
β ν

+ δˆΓ
α
βν , (16)
where we shall consider that the varied connections
δˆΓ
α
βν = ǫ Ψˆ
α gβν , (17)
describe the quantum displacement of the extended manifold with respect to the classical Rieman-
nian background, which is described by the Levi-Civita symbols in (16). In this work we shall
consider the particular case where Ψˆα are massive charged bosons of spin 1, but in general, the
operators Ψˆα are the quantum spinor field components that represent rather bosons or fermions.
Furthermore, ǫ is a constant related to self-interactions of the spinor field. The covariant derivative
of the metric tensor and arbitrary vectors on the extended manifold, with self-interactions included,
are respectively given by
gˆβα‖ν = ∇νgβα − ǫ
(
gβνΨˆα + Ψˆβgαν
)
+ 2
(
1− ξ2) Ψˆν gαβ , (18)
[Υα]||β = ∇βΥα + δΓαǫβΥǫ − (1− ξ2)ΥαΨˆβ = ∇βΥα +
(
ǫ ΨˆαΥβ −ΥαΨˆβ
)
+ ξ2ΥαΨˆβ, (19)
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where ∇νgβα = 0 is the covariant derivative on the Riemann manifold, and ‖ denotes the covariant
derivative on the extended manifold.
If we require that ǫ = 1/3 in (17) and that the extended manifold takes the form of a Ricci flow:
δˆRαβ = λ δˆgαβ. In this case we obtain in (15), that
gαβ δˆRαβ − ˆδΘ =
[
ˆδW
α
]
||α
−
(
gαβ
)
||β
δˆΓ
ǫ
αǫ + (g
ǫν)||α δˆΓ
α
ǫν = ∇α ˆδW
α
= −∇α Ψˆα = 0, (20)
where we define the varied Ricci tensor using the extended Palatini identity[19],
δˆR
α
βνα = δˆRβν =
(
δˆΓ
α
βα
)
‖ν
−
(
δˆΓ
α
βν
)
‖α
. (21)
This implies that the flux ˆδΘ is given by
δˆΘ = λ gαβ δˆgαβ , (22)
where the cosmological constant, for the case of preinflation described in the earlier section, is
λ = 3H20 . The origin of λ can be obtained from USF and is originated in fermion fields[20].
A. Line elements and invariants of the theory
To describe a non-commutative spacetime, we shall consider unit vectors are 4×4-matrices: γ¯α,
that generate a globally hyperbolic spacetime. These matrices generate the background metric and
we include the spinor information in the spacetime structure that can describe quantum effects in
a relativistic framework. Once the basic elements are introduced, we can define the line elements
of our theory:
dx2δBB′ = 〈B| δX−→
−→
δX
∣∣B′〉 , dφ2δBB′ = 〈B| δΦ←→←→δΦ
∣∣B′〉 . (23)
The first expression in (23) is a standard inner product, but the second one is a bi-vectorial product
given by the expectation value of
δΦ←→
←→
δΦ =
1
4
(
δˆΦα δˆΦβ
) (
γ¯α γ¯β
)
, (24)
where
δˆΦα δˆΦβ =
1
2
{
δˆΦα, δˆΦβ
}
+
1
2
[
δˆΦα, δˆΦβ
]
, γ¯µγ¯ν =
1
2
{γ¯µ, γ¯ν}+ 1
2
[γ¯µ, γ¯ν ] . (25)
The matrices that generates the spacetime gµν I4×4 = (1/2) {γ¯µ, γ¯ν}, are:
γ¯µ = Eµν γ
ν , (26)
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where Eµν are the transformation matrices and the components γµ are given in the Weyl represen-
tation. These matrices1, describes a globally hyperbolic 4D-spacetime. Each component of spin
Sˆµ = s γ¯µ, is defined as the canonical momentum associated to the inner coordinate Φˆ
µ. Therefore,
the universal bi-vectorial invariant can be defined:
〈
B
∣∣∣ S←→←→Φ
∣∣∣B〉 = 1
4
〈
B
∣∣∣(SˆµΦˆν
)
(γ¯µγ¯ν)
∣∣∣B〉 = sφ I4×4 = (2πn~) I4×4, (28)
with n-integer.
In the case of preinflation, which we are studying in this work the line element associated to
the inner space is given by
dφ2 = (γ¯µγ¯ν) dφ
µ dφν , (29)
and the transformation matrix is the diagonal one
Eµν =
(πa0
2
) 1
θ
I4×4. (30)
We define the variation of the metric tensor on the extended manifold, as
gˆβα‖γ ˆδX
γ |B〉 = δgβα |B〉 , (31)
where such variation is defined with respect to the background Riemannian defined by the second
kind Christoffel symbols. The fact that δgβα 6= 0 on the extended manifold, means that the
geometry described on this manifold is elastic, rather than on the Riemann manifold in which
there is null nonmetricity ∆gαβ = 0. Now we are in conditions of defining the spinor fields, as the
variation of the flux ˆδΘ with respect to the inner coordinates: Ψˆα =
ˆδΘ
δˆΦ
α
Ψˆβ
(
xβ|Φα
)
=
i
~(2π)4
∫
d4k
∫
d4s
δ
(
S←→
←→
Φ
)
δˆΦ
α
[
As,k Θˆk,s(x
β)e
i
~
S←→
←→
Φ −B†k,s Θˆ∗k,s(xβ)e−
i
~
S←→
←→
Φ
]
,
where
δ
δˆΦ
α
(
S←→
←→
Φ
)
= (2gαβI4×4 − γ¯αγ¯β) Sˆβ = 2Sˆα − γ¯α s = γ¯α s, (32)
1 The Weyl representation of matrices in cartesian coordinates, are
γ
0 =
(
0 I
I 0
)
, γ
1 =
(
0 −σ1
σ
1 0
)
,
γ
2 =
(
0 −σ2
σ
2 0
)
, γ
3 =
(
0 −σ3
σ
3 0
)
, (27)
where σi are the Pauli matrices.
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where s I4×4 = 14 Sˆβ γ¯
β. Because we are considering massive charged bosons with spin s = ~, due
to the invariant (28), the operators e
± i
~
S←→
←→
Φ
applied on the background state |B〉, will be invariant
will be invariant under φ = 2nπ-rotations
e
± i
~
S←→
←→
Φ |B〉 = e± i φ |B〉 , (33)
where we have adopted the Heisenberg representation for these states. In this representation, the
operators are evolving and states are squeezed.
IV. MAGNETIC MONOPOLES DURING PREINFLATION
We consider the more general quantum action to describe all possible symmetries in nature[18]:
IM =
c4 Lp tp
32πG
∫
d4x
∫
d4φ
√−g
〈
B
∣∣∣(γ¯µγ¯ν) (δˆRαµνα + δˆRααµν
)∣∣∣B〉 , (34)
where
δˆR
α
αβν =
(
δˆΓ
α
αν
)
‖β
−
(
δˆΓ
α
αβ
)
‖ν
. (35)
Here, c is the light velocity, tp is the Planck time and Lp is the Planck longitude. The matrices γ¯
µ,
comply with the Clifford algebra:
γ¯µ =
I
3!
ǫµαβν γ¯
αγ¯β γ¯ν , {γ¯µ, γ¯ν} = 2gµν I4×4,
where I = γ0γ1γ2γ3 is the pseudoscalar, I4×4 is the identity matrix, and we define ǫ
µ
αβν = g
µρǫραβν ,
such that ǫραβν are the Levi-Civita symbols. In order to describe the quantum action due to
magnetic monopoles, we must consider only massive and charged antisymmetric contributions of
(34), which could remain stable. This means that they would not radiate as electromagnetic fields
and therefore only we must consider the Mˆµν -contributions
IM = −c
4 Lp tp
32πG
∫
d4x
∫
d4φ
√−g
〈
B
∣∣∣∣32 [γ¯µ, γ¯ν ]Mˆµν
∣∣∣∣B
〉
, (36)
where Mˆβν are the components of a purely antisymmetric operator given by
Mˆβν = α1
[
Ψˆβ, Ψˆν
]
, (37)
where α1 =
(5−6ξ2)
36 . We must remember that we are considering ǫ = 1/3 in (17). To quantize the
massive and charged spin 1-bosons, we must take into account that they are geometric quantum
spinor fields, and could be responsible for the magnetic monopoles at the beginning of the universe.
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If we consider that this phenomena became from a condensate of very massive and charged boson
fields, described by the strength field tensor Mˆβν , which is conserved on the extended manifold,
then this field must fulfill the expression
(
Mˆβν
)
‖ν
= 0, (38)
that can be rewritten in terms of Riemannian covariant derivatives for ǫ = 1/3:
∇βMˆβν + (1− ξ2)
[
Ψˆβ,Mˆβν
]
+
1
3
Ψˆβ Mˆβν = 0. (39)
Here, we can identify the magnetic current components Jν(m)
Jν(m) = −
1
µ0
[
(1− ξ2)
[
Ψˆβ,Mˆβν
]
+
1
3
Ψˆβ Mˆβν
]
, (40)
in order to obtain ∇βMˆβν = µ0 Jν(m). In particular, the 0-component give us the magnetic density
of charge: J0(m) = c ρm. The equation (39), after taking into account the last expression in (20),
takes the form
(
∇νΨˆµ
)
Ψˆν + α2 Ψˆµ
[
Ψˆµ, Ψˆν
]
+ α3
[
Ψˆµ, Ψˆν
]
Ψˆµ = 0, (41)
with
α2 =
(4− 3ξ2)
4
, α3 = (1− ξ2). (42)
We remember that the ∇α denotes the covariant derivative on the background Riemann manifold,
and therefore describes derivatives with respect to the Levi-Civita connections


α
β ν

. The quanti-
zation expression for the case of massive and charged spin 1-bosons, which are the interest in this
work, are
〈
B
∣∣∣[Ψˆµ(x, φ), Ψˆν(x′, φ′)
]∣∣∣B〉 = s2
2~2
[γ¯µ, γ¯ν ]
√
η
g
δ(4)
(
x− x′) δ(4) (φ− φ′) , (43)
where s = ~,
√
η
g
is the squared root of the ratio between the determinant of the Minkowsky
metric: ηµν , and the metric that describes the background: gµν . This ratio describes the inverse
of the relative volume of the background manifold. Using (43) in (36), we obtain that the action
related to magnetic monopoles in the preinflationary universe, is
IM =
(
5− 6ξ2)
16
~, (44)
which can be interpreted as the mass of magnetic monopolemM , in the initial state of the universe,
with a Planck size, is:
mM =
(
5− 6ξ2)
16
Mp ≥ 0. (45)
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This means that the coupling constant ξ2 will have the cut
ξ2 <
5
6
, (46)
so that α2 > 0 and α3 > 0. If we consider that ξ is related to the ratio between the magnetic
monopole charge and the Planck charge: ξ2 = (qM/qp)
2, then we obtain the following condition
(
qM
qp
)2
=
(
5
6
− 8mM
3Mp
)
<
5
6
, (47)
where qp = e/
√
α, e is the electron charge and α = 1/137.03599 is the fine structure constant.
Therefore, finally we obtain that the fine structure constant is given by
α =
5
6
(
1− 16mM
5Mp
) (
e
qM
)2
. (48)
Notice that, for a given magnetic charge qM , there is a given total magnetic mass mM and that
mM < 5Mp/16. Due to the fact these monopoles have an topological origin but with a quantum
nature, they could have a small mass. For example, in the case of quantum monopoles with a
proton mass: m = 7.68 × 10−20Mp, there would be nM = 4.03 × 1018 completing a total mass
mM = nM m = 0.3097Mp of quantum magnetic monopoles at the Planck era. Because they are
topologically stable configurations of massive and charged spin 1-bosons fields, magnetic monopoles
with a small mass could be considered as very good candidates to explain the origin of dark matter
in the universe.
V. FINAL COMMENTS
We have studied the origin of primordial magnetic monopoles during the primordial universe
described through a preinflationary model. These monopoles are originated from quantum vacuum
excitations on the background Riemann manifold. From the mathematical point of view, the
quantum vacuum excitations described by (36), take into account massive and charged spin 1-
bosons fields that came exclusively from the structure of quantum space-time. The tensor field
Mˆµν is purely antisymmetric but this antisymmetry is only due to this space-time structure, rather
than torsion. There is no torsion in the USF theory because δˆΓ
α
βν = δˆΓ
α
νβ. A very important result
is the expression (48), that relates the fine-structure constant with the magnetic charges and mass,
for an universe created with Planck energyMp and a total Planck charge qp. To conclude, quantum
magnetic monopoles could explain the origin of dark matter in the universe, because they are
created by massive and charged spin 1-bosons which are topologically stable. Topological stability
10
is provided by the structure of the quantum space-time which is preserved with the expansion of
the universe.
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